This research was accomplished to assess dose effects on image quality at computed radiography (CR). The ultimate target of the research was finding optimized exposure that provides necessary image quality for the clinical chest diagnosis. Modulation transfer function (MTF), normalized noise power spectrum (NNPS), and Noise equivalent quanta (NEQ) corresponding to the different doses were measured for the assessment of image quality. The preparation of "edge test device" used in MTF measurement and experimental geometry setup were followed by the recommendations of International Electrotechnical Commission (IEC). The experimental results show the necessary image quality can be achieved even at a half of the automatic exposure control (AEC) setting dose for chest diagnosis. It means that the patient exposure can be reduced dramatically by using optimized dose.
When CR was introduced to the clinic it was announced that CR could reduce the patient dose with many other benefits mentioned above, but recent studies show that CR causes more exposure than traditional film -screen system. [1] Because of the large dynamic range of CR, overexposure increases signal to noise ratio (SNR) Whatever the factor is, image quality for the using system need to be evaluated at various dose to determine optimum dose for a diagnosis and to reduce patient dose.
II. Matreials and Methods
Description of CR imaging system
CR imaging system is a type of digital imaging system which is mostly used in clinical diagnosis, and it has been evolve with integrated instant readout digital radiography system so called digital radiography (DR). CR is based on the use of photosensitive phosphors.
[2]
The barium fluorohalide family in powder form is deposited onto a substrate, and the substrate is fixed into the light-tight enclosing called as imaging plate cassette or simply IP.
When the IP is exposed to X-ray, the electrons of Fuji, and Agfa. Agfa CR system was used in the experiment.
Evaluation of imaging system
Quality evaluation in digital image means that the evaluation of the whole process including the quanta emission from source, the interaction between quanta and materials through the object, conversion from quanta to electrical signal at the sensor, and finally display on the monitor screen. The evaluation results are influenced by the system, mostly source quality and detector performance, and the human factors including physical experience and psychological and physiological conditions.
Contrast, resolving power, and noise are the major parameters which define the image quality, and SNR, NPS, and MTF are the measures in systemic evaluation concerning the relationships between the parameters. NEQ is the absolute measure of an image quality to the radiologist. MatLabTM was used to read CR image raw data, and calculate quality parameters. the LSF, which is the system response to signal in the shape of delta function. It is always scaled to unity at a zero frequency [4] :
The edge test phantom recommended by the International Electrotechnical Commission (IEC) was used for the MTF measurements.
[3]
Noise Power Spectrum
The NPS, also called Wiener spectrum, is defined mathematically in terms of Fourier transform of noise images. It is the spectral decomposition of the noise variance in the image and is defined as equation (2) [5]
: 
Detective quantum efficiency (DQE) and noise equivalent quanta (NEQ)
The DQE is defined as the fraction of the number of quanta entering the imaging system effectively used by the system to produce an image. The DQE is generally regarded as the most useful measure of sensitivity and noise performance of an imaging system. The MTF is a measure of resolution, and DQE is the measure of detector performance. However they do not reflect the overall image quality affected by noise, resolution, and contrast in the image. To evaluate image quality by the overall role of noise, resolution, and contrast, the NEQ have to be calculated. The NEQ is the number of quanta that an ideal detector would have needed to yield the same signal to noise ratio, which is the effective number of photons per cm of detector. It is the absolute measure of image quality ranges from zero to infinity. It is defined as in equation (3) and can be deduced from the measured DQE, and the photon fluence Ninc since SNR 2 in = Ninc for the noise limited system: [6] ) ( ) ( CR30-X digitizer CR system and 24 x 30 cm (9.5 x 12") imaging plate was used for digital imaging.
[8] Exposed dose with different beam current were measured using Victoreen TM 06-524-3000 ion chamber and RAD-CHECK TM Micro X-ray exposure meter.
[9] The measured dose corresponding to the beam currents are shown in figure 1.
Tube voltage was fixed at 55 kVp because it was manufacturer-providing AEC setting value for "Chest AP (Anterior to Posterior)" projection imaging. The exposed dose was controlled by the manual beam current control as it is executed in clinics to increase exposed dose. III. Result Figure 2 shows the example of the crop image for NPS calculation sampled from white image at exposure condition of 55 kVp, 100 mA and 25 msec. Calculated normalized NPS curves for the various exposed dose are shown in figure 3 . It was found that the normalized NPS was improved when the exposed dose was increased as it was expected. The system noise variance is small even when the exposure condition is changed, but the output signal is increased when the input signal is changed. 
IV. Conclusion
The experimental results show that overexposure by increasing exposure beam current does not improve CR image quality and the resolution either even with about factor of two higher exposure than AEC setting dose.
More over, the similar image quality could be achieved at about a half of the AEC setting dose with the clinical requirement resolution. In the view of radiation protection, overexposure by increasing beam current potentially imperils patients' health without any advantages in CR radiological diagnosis. The experimental results revealed that the optimal exposure dose could be decided by the image quality assessments using NPS, MTF, and NEQ, which can be used for setting up new exposure protocol to reduce patient dose.
